Abstract: Nonsteroidal anti-inflammatory drugs (NSAIDs) control musculoskeletal pain, but they also cause adverse side effects. The aim of this study is to explore the impact of chronic NSAIDs use on the risk of a second hip fracture (SHFx) after hip fracture surgery.
INTRODUCTION

E
lderly patients with fragility hip fractures continued to be at risk for subsequent hip fractures. 1 The 1-year risk of a second hip fracture (SHFx) is substantial and estimated at between 2% and 5%, depending on the age of the patient. [1] [2] [3] An SHFx is more deadly than a first hip fracture, but the cumulative mortality rates of a first hip fracture may be higher than that for other well-known life-threatening conditions, such as myocardial infarction and gastric or pancreatic cancer. [4] [5] [6] Moreover, this type of fracture is known as the most devastating fracture for elderly patients, is associated with an extremely hard rehabilitation process to go through, and puts a considerable cost burden on the family and society for that condition. 3, 7 Therefore, an increasing number of studies have been done to find the best prophylactic strategies for preventing an SHFx in patients after hip fracture surgery. [1] [2] [3] Elderly patients are usually prescribed more drugs than are younger patients because aging is closely associated with a deterioration in health. 8, 9 Whether advancing age per se is a cause of increased risk of adverse side effects is still being debated; many studies show a positive correlation between the age and the risk of adverse side effects. [8] [9] [10] It has been estimated that 6.5% of hospital admissions are related to adverse side effects of prescription drugs, and that nonsteroidal anti-inflammatory drugs (NSAIDs) are responsible for $11% of these hospitalizations. 11, 12 It is also clear that most adverse side effects that cause hospitalization are type A: dose-related and thus predictable and potentially avoidable. 10 In the previous study, 3 we reported that using NSAIDs was associated with a higher risk of an SHFx, which might be an unrecognized cause of preventable drug-related admissions. Even so, the restriction on NSAIDs use remains to be unclear. Alternative therapies are available for pain management in patients after hip fracture surgery; hence, it is important to determine which are the safest options in terms of subsequent fractures.
The objective of this nationwide population-based observational study was to explore the hypothesis that chronic NSAIDs use contributes to an SHFx in patients after hip fracture surgery. We also determine the effects of gender, age, the Charlson comorbidity index (CCI), and metabolic syndrome (diabetes mellitus, hypertension, and hyperlipidemia) on survival free of an SHFx in patients who do and do not chronically use NSAIDs. The information from this study may be valuable for improving the medical care of elderly patients after hip fracture surgery and for preventing an SHFx and subsequent mortality.
MATERIALS AND METHODS
Data Source
The Taiwan National Health Insurance (NHI) program, a single-payer universal program operated by the Taiwanese government, has enrolled >99% of the population since 2009. After the billing process, the Taiwan National Health Research Institute (NHRI) compiles data from NHI claims and then provides the National Health Insurance Research Database (NHIRD) for research (http://nhird.nhri.org.tw/). The Longitudinal Health Insurance Database (LHID), a representative subset of the NHIRD, contains all the original claim data of 1 million individuals randomly sampled from the Registry for Beneficiaries. Before transferring data to the NHIRD, the government deleted all the identifiers of individual beneficiaries and medical care providers. The accuracy of the NHIRD diagnoses of major disorders has been validated. 13 In the present study, data were obtained from the LHID/NHIRD for analysis.
Study Design and Participants
After being approved by the Institutional Review Board of Chang Gung Memorial Hospital, this nationwide populationbased observational study used the LHID/NHIRD registry from January 1999 to December 2009. The inclusion criteria were: (1) a discharge diagnosis code of hip fracture (International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] diagnosis codes 820.0-820.9), (2) a procedure code of internal fixation or partial hip replacement (ICD-9-CM procedure codes 79.15, 79.35, and 81.52), and (3) 40 years old or older. The first admission date for a hip fracture was defined as the index date. Nonresidents of Taiwan and those with a diagnosis of hip fracture within 2 years before the index date were excluded to avoid confounding effects. At this stage, 34,725 patients with a hip fracture were included and followed longitudinally until the end of the study. The present study is divided into 2 parts. The first part is a case-control study, intended to identify factors that might contribute to an SHFx in patients after hip fracture surgery. The second part is a retrospective cohort study, intended to obtain additional evidence that supports the hypothesis that chronic NSAIDs use contributes to an SHFx. The flowchart of the patient selection process and distribution is shown in Figure 1 .
Primary and Secondary Endpoints
Chronic NSAIDs use is taking NSAIDs for at least 14 days a month for at least 3 months. 14 The primary endpoint of this study was to determine the causal link between chronic NSAIDs use and an SHFx. In the first part of the study, we used the propensity-score matching (PSM) 15, 16 to control for potential confounding factors: age, gender, monthly income, urbanization level, the CCI, and other concurrent medication use. In the second part of the study, Cox proportional-hazards regression was used to analyze the effect of chronic NSAIDs use on survival without an SHFx in patients after hip fracture surgery. For our secondary endpoint, the effect of other risk factors on survival without an SHFx was analyzed.
Statistical Analysis
Student t tests and x
2 tests were used to analyze numerical and categorical variables, respectively. After using PSM to control for confounding, between-group comparisons were done by estimating the odds ratio (OR) and the 95% confidence interval (CI) in a logistic regression model. To examine the effect of chronic NSAIDs use on the risk of an SHFx, a Cox proportional-hazards regression model was used. Ten-year survival rates without an SHFx after hip fracture surgery were estimated using the Kaplan-Meier method and the log-rank test. Significance was set at P < 0.05 (2-sided). SAS 9.2 (SAS, Inc., Cary, NC) was used for all analyses. 54.2%, P ¼ 0.0043) ( Table 1 ). In patients with an SHFx the CCI was significantly >5 (5.07 vs 4.78, P ¼ 0.010), more than twice as many were taking steroids (25.7% vs 12.3%, P < 0.0001), and almost 3 times as many were taking antiosteoporotic agents (28.1% vs 9.8%, P < 0.0001). Age, monthly income, urbanization level, and concurrent use of muscle relaxants and benzodiazepines were not significantly different in patients with and without an SHFx. To clarify the risk association between chronic NSAIDs use and an SHFx, the confounding variables were controlled using PSM. After 1:1 matching, the propensityscore was almost identical in both groups (0.253 vs 0.250, P ¼ 0.9660), which confirmed that chronic NSAIDs use, whether Cox-2 inhibitors or nonselective NSAIDs, is a significant time-dependent predictor of an SHFx in patients after hip fracture surgery ( Table 2) .
RESULTS
We
The chronic-use cohort contained 4961 patients who chronically used NSAIDs and the nonchronic-use cohort contained 29,764 patients ( Figure 1 ). The follow-up results revealed that the chronic-use cohort was 1.87 times more likely to develop an SHFx than was the nonchronic-use cohort (479.4 vs 191.5 per 10,000 person-years, HR: 1.87, 95% CI: 1.64-2.10) ( Table 3 ). The incidence of an SHFx was greater in women than in men in both cohorts. The gender-specific hazard of an SHFx in the chronic-use cohort relative to that in the nonchronic-use cohort was significant both for women (HR: 2.33, 95% CI: 2.10-2.55) and for men (HR: 1.79, 95% CI: 1.50-1.92). The incidence of an SHFx increased with age in both cohorts. The age-specific hazard of an SHFx in the chronic-use cohort relative to that in the nonchronic-use cohort was significant for patients !60 (60-79, HR: 2.24, 95% CI: 1.81-2.65; !80, HR: 3.28, 95% CI: 2.93-3.64), but not for patients < 60 (40-59, HR: 0.85, 95% CI: 0.74-1.11). Additionally, the HRs increased with the number of years post hip fracture surgery (Table 3) .
Overall, the adjusted HR was 115% higher for patients who chronically used NSAIDs than for those who did not (P < 0.001) ( (Figure 2) .
DISCUSSION
This population-based case-cohort study showed that chronic NSAIDs use increased the risk of an SHFx in patients after hip fracture surgery. After multiple confounding factors had been adjusted for, we found that chronic NSAIDs use was CI ¼ confidence interval; Cox-2 ¼ cyclooxygenase-2; NSAIDs ¼ nonsteroidal anti-inflammatory drugs; OR ¼ odds ratio; Overuse ¼ drug prescription at least 14 days a month on a regular basis for at least 3 months; SHFx ¼ second hip fracture. P < 0.05 is significant. All analyses were done using SAS 9.2.
Ã Adjusted for the propensity score. associated with an adjusted HR of 2.15 for an SHFx. The association between chronic NSAIDs use and the increased risk of an SHFx was found in all subgroups of patients after hip fracture surgery, especially in female patients, elderly patients, patients with a CCI ! 5, and patients with diabetes mellitus, hypertension, or hyperlipidemia. Moreover, the association between chronic NSAIDs use and the risk of an SHFx increased with the number of years after the first hip fracture surgery. To help prevent subsequent hip fractures and associated mortality, NSAIDs after hip fracture surgery should be restricted to situations in which their benefits clearly overweigh their risks and should be prescribed only after potentially safer alternatives have been tried. To the best of our knowledge, this is the first report to establish a causal relationship between chronic NSAIDs use and an SHFx, and the first to highlight that chronic NSAIDs use might be a neglected cause of preventable hospital admissions because of the adverse side effects of NSAIDs. NSAIDs are widely used because they perform double duty: they are analgesics and, at higher doses, anti-inflammatory drugs. 17, 18 Like all medications, they have side effects and might not be right for everyone, particularly for elderly patients. 9, 10 In addition to the notoriously increased risks of gastrointestinal bleeding and renal dysfunction they cause, 12, 19, 20 our results suggested that an SHFx should be added to the list of complications caused by chronic NSAIDs use.
One explanation for the increased risk of an SHFx in patients chronically using NSAIDs is that NSAIDs may directly and adversely affect bone remodeling. NSAIDs, and especially Cox-2 inhibitors, prohibit Cox-2 synthesis, which is necessary to produce inflammatory prostaglandins, 21 and which suppresses cortical bone remodeling without impairing the coupling between bone formation and bone resorption. [21] [22] [23] A growing number of studies have suggested that taking NSAIDs may be harmful for bone health. One retrospective study 14 of a cohort of 716,004 cases found that regular use of NSAIDs was associated with a 1.47 relative risk of a nonvertebral fracture and a 2.90 relative risk of a vertebral fracture compared with control patients who did not take NSAIDs. Our data revealed that chronic NSAIDs use increases the risk of an SHFx 2.15 times after hip fracture surgery. Moreover, the adverse side effects of chronic NSAIDs use may last for 12 months.
Another explanation is that patients who overuse NSAIDs might have a higher risk of falls, which subsequently increases the risk of an SHFx. A number of factors that have been identified as risk factors for falls are also associated with hip fractures. 24 Falls are ascribable to a combination of intrinsic and extrinsic factors. 25 The intrinsic factors are an age-related physical decline of, or pathologies affecting, the balance system. The extrinsic factors are environmental circumstances that contribute to falls, or activities with a high risk associated with falls. Although we used PSM to control for most of the intrinsic factors (age, gender, socioeconomic status, comorbidities, and medication use), we did not specifically look at the surgical quality and the extrinsic factors in the present study. Therefore, additional studies are necessary to clarify the effects of these variables on the risk of falls and an SHFx in patients after hip fracture surgery.
The association between metabolic syndrome and osteoporosis has been extensively studied, but results are inconsistent and sometimes contradictory. [26] [27] [28] Our results suggested that the main components of metabolic syndrome, all lifestyle diseases themselves, might be another set of risk factors for an SHFx in patients after hip fracture surgery. Diabetes mellitus is the most significant of these factors: its adjusted HR is 4.19, higher than that of hypertension or hyperlipidemia. Because the prevalence of diabetes mellitus has increased dramatically over the past 30 years, 29, 30 a clearer understanding of the mechanisms of diabetes mellitus and hip fractures is necessary. Our study has some strength. The study participants were collected from the NHIRD, which is population-based, highly representative, and with little room for recall and selection biases. The NHIRD allowed us to identify a large cohort of hip fracture patients with good generalizability. In addition, with the inclusion of 34,725 patients after hip fracture surgery with a follow-up of up to 11 years in the analysis, we were able to demonstrate the greater risk of an SHFx in patients chronically using NSAIDs, a risk that might be overestimated or underestimated in a smaller study.
The study also has some limitations. First, it is retrospective. Second, we could not determine the body mass index, bone mineral density, lifestyle, joint functionality or condition, level of physical activity, or quality of life, which might also have confounded the study results. Lastly, we had no information on study participants' histories of hip fracture 2 years before the index date, which could spuriously underestimate the incidence rate of an SHFx of the study population, but it would have had little influence on the risk estimates of an SHFx associated with chronic NSAIDs use.
In conclusion, this retrospective case-cohort study provides nationwide population-based evidence that chronic NSAIDs use caused an increased risk of an SHFx in patients after hip fracture surgery. Our results suggest that using NSAIDs in patients after hip fracture surgery should be restricted to situations in which the benefits clearly overweigh the risks and should be prescribed only after potentially safer alternatives have been tried. It is necessary to emphasize the avoidance of chronic NSAIDs use in clinical practice in order to prevent adverse side effects, such as a subsequent hip fracture and its associated mortality.
